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ABSTRACT

A map showing effective electrical earth conductivity values for

,a.p.ropagpting wave at VLF (10 kHz to 30 kHz) has been prepared for the

. major land areas of the world. Land area conductivity determinations

were in most cases based upon known geological and climatological
informatiou. Actual conductivity data was collected where possible to
aid in determining regional effective conductivity values, but the
correlation between geology (and other known factors), and conductivity

was used in eatimating conductivity for the majority of the land areas.

-

The conductivity data are overprinted on seven 17 X22 inch
base maps. Effective conductivity values are designated by numbers
from 1 to 10 referenced to a legend on each sheet. Separate page-size
maps showing a confidence factor and a variability factor are included

in the accompanying report.
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WORLD-WIDE VLF EFFYECTIVE-CONDUCTIVITY MAP

4,0 INTRODUCTION

A map showing effective electrical conductivity of the earth at
very low frequencies (10 kHz to 30 kHz) has been prepared to aid in
radio prupagation and navigational studies. Values of conductivity were
determined for land areas whose boundaries are in most cases based
upon climatological, pedological, physiographical, and geological
information. Data was collected to aid in establishing regional effective-
conductivity values. It was necessary, however, to rely on the correlation

between geology and other known environmental factors and conductivity

for the majority of the land areas |[1] .

It is noteworthy that there is considerable difference between
effective-conductivity maps for us: at bhroadcast frequencies (1 MHz)
and the VLF map: these differences aré due primarily to the greater
depth of penetration of the VLF energv. Earth materials to depths of
over 50 meters must be considered for conductivities on the order of

-2
10 ~ mho/meter, and greater depths of penetration are involved for

lower conductivities.

Because of the relationships between conductivity and phase
velocity, and betwezen conductivity and attenuation rate, it is much more
important to accurately dete:rmine conductivities which are below 10'3
mho/meter than to accurately determine conductivities which are 10'2
mho/meter and greater, hence,the lack of detail on the rnaps for this

latter conductivity range. Materials waich £all into the lower, more

-1.
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important range include guologicaily old, crvatalline rocks. Areas
where permafrost oczurs, and ar. as with ice caps (Greenland and the

Antarctic) are similarly important. Measuremenis were made in perma-

froat areas of the Canadian Shield during an earlier program which

produced the conductivity 'map of North America to help define the effect
of freezing on thein situ electrical properties of the rocks [2] .

The author would like to acknowledge the assistance of Mr. Gary
Aho,during the summer of 1967, who shared a large part of the responsibility
for the project during that time. The author is indebted to the many
scientists and research organizations who sent hundreds of replies to

requesis for electrical conductivity data. Of particular help in this data

collection effort were the United States Embassies throughout the world.
_ Plans are to publish additional material which can include a list of
contributors. It is hoped that contributors will continue to send data as

. it becomes -available, and that future editions of the map will therefore

be of incrsased usefuiness to the scientific community throughout the

world,
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2.0 DESCRIPTION AND USE OF MAP

The conductivity map is overprinted on sever {7 X22 inch
base maps supplied by Bonn Cartographic Corporatior of Salt Lake
City, Utah. The effective-conductivity values are desi,nated by numbers

1 to 10, referenced to a legend on each sheet.

Since little appropriate VLF data exists on a world.wide basis,
it is not possible to evaluate directly the accuracy of the entire map.
As an alternative, t.o factors directly related to the reporte. values

are presented. The Confidence Factor refers to the quality. quantity

and type of information which determined the regional conductivity values.

The Variability Factor indicates the amount by which locai values of

conductivity can be expected to vary from the regional average.

The above two factors are seen to be independent, and are
presented separately for each sheet of the map in Figures 1 through 7.

These factors are distinguished as follows:

Confidence Factor

Highest Confidence: Correlation based or scund geologic and
conductivity data. These valuea are not expected to change
appreciably from the reported values.

Moderate Confidence: Some data available. Geclogy-conductivity
correlation believed to be reliable. These values will probably not
need to be revised by more than one level (one half decade).

Limited Confidence: Geology-conductivity correlation not well
known. Some data may be available, but it is limited in quantity
or quality. These values may change as data becomes available,
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Estimates Only: Estimates based on extrapolatiors of known
correlations, or on knowledge of conduction mechanisms.
These are areas where data is most needed.

Variability Factor

Highly Variable: Variations in local conductivily r iy be
+one decade or more from the average regional value,

Moderately Variable:less than £ one decade.

Siightly Variable: less than + half decade.

Important factors relating to the use of the map include effects of

'"closed lines' where it is evident that energy spreading and defraction

can resull in less attenuation than would be obtained for a '"straight'" path

between receiver and transmitter. Similarly, transmission across a

narrow conductivity contrast which the energy may not circumvent may

result in more attenuation than predicted because of energy conversion,

reflection, and scattering. Similar effects may be experienced over high

rugged mountains, and effects equivalent to one order of magnitude (smzller

conductivity) than that attributed to the electrical properties of the materials

have been observed for paths across the length of mountain chains. Users

should consider the above items in light ofthe Fresnel spreading of the

propagating energy, and the conductivity profile for a propagation path

should be determined consistent with this concept, i.e., it is suggested

that users consider values of earth conductivity over an area representing

the width of the path rather than along a very narrow ''line'' (great circie)

[3].
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3.0 BIPECTIVE CONDUCTIVITY

IXffective conductivaly of a region is defined as the conductivity
of a plane, uniform, homogeneous earth which would have the same
effect on a propagating electromagnetic field as that of the region.
Complications arise for instances where displacement currents in the
earth become comparable in magnitude to conduction currents [4] and
also fzr cases where lateral changes result in an anisotropic conductivity
in the plane of the surface. These effects were not accounted for in this

present work:

1. In most of the land areas of the world, the earth approximates
a conductor. l.imited data indicate that even for the Green-
land Ice Cap, the¢ conduction currents are probably dominant
over displacement currents at 10 kiz [5] .

2. Only in a few areas was there sufficient data to indicate a
difference in conductivity with compass direction. The
additional complication of the maps does not justify
including this,

Where there was enough information, the magnitude of effective

(complex) conductivity was computed for a horiz  al layered case

[2, Appendix A, also sce reference 6] .
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4.0 ACCURACY OF MAP

Some estimation of the accuracy of the maps for VLF propagation
studies may be gained from a comparison of Figures 8 and 9. Figure 8
is a portion of the map of North America, which was produced in 1965
[2] . This map is essentially identical to the northern portion of Sheet
1. Figure 9 shows a revised map based on VLF propagation measure-
ments made in September 1959 and August 1961 (these maps were provided
by the U.S. Naval Research Laboratory). Note two significa;xt changes
suggested by the NRL Map:

1. The boundary of the ''3" region northwest of Hudson Bay

" should extend further north. This may indicate that the
extent of continuous permafrost is further north than

previously estimated, or that a thicker deposit of
conducting overburden exists in this area.

2. There is an area of ''2" conductivity, 3 X 10-5 mho/m,
between Labrador and Hudson Bay. This is most likely
due to a previously unrecognized occurrence of continuous
permafrost. If this area had been so designated, it is
noted that the conductivity would have been estimated as

-4 -5
1 X10 ~mho/m rather than the 3 X10 ~ mho/m as indicated
by the NRL Map. Measurements of earth conductivity in
this area are therefore suggested.

Other areas can be expected {o undergo similar revisions when
more data is obtained. These revisions are not expected to be of
significance for regions indicated as ''highest confidence.' Areas similar
to the Canadian Shield region which are not well known geologically, and

where there is only limited information on permafrost extent and

thickness, can be expected to undergo the most extensive revisions.

Further discussion, a list of contributors, etc., may be found in

the Appendices which accompany the larger report.
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(1]

(2]

(3]

[4]

[5]

[6]
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